Cerebral ischemia in the rat: ultrastructural and morphometric analysis of synapses in stratum radiatum of the hippocampal CA-1 region.
A 10-min long ischemic insult followed by up to 60-min survival results in several changes of the synaptic ultrastructure in the hippocampal CA-1 region. The alternations consist of gradual change of synaptic curvature from neutral to positive, cleavage and decrease in thickness of the postsynaptic densities and, in the case of many terminals, wrinkling of their profiles. The most striking form of damage are membrane discontinuities which begin to appear in very small numbers after 20 min of blood reflow and become much more pronounced after 60 min. The development of those modifications seems to be time-related, whereas decrease in the number of synaptic vesicles, as shown by the morphometric analysis, occurs after 10 min and does not progress any further after 20 and 60 min. This decrease is most pronounced in the immediate vicinity of the presynaptic membrane. Although the observed signs of ultrastructural alternations of synapses in the postischemic period appear to conform to the general pattern of synaptic degeneration observed under other conditions, the severity of ischemia is underlined with the rate at which those changes develop, thus pointing toward grossly disturbed metabolism of postischemic neurons. Recently, a number of theories have been advanced, discussing significance of ischemic destruction of membrane phospholipids. These theories are discussed in the context of membrane discontinuities reported in this investigation.